Lipases are enzymes that catalyze the hydrolysis of the ester linkage in a triacylglycerol oil-water interface, while in non-aqueous environments they catalyze reverse reactions (esterification, transesterification and interesterification). They can be produced by a solid state fermentation (SSF) process adding value to agro-industrial residues as alkaline soapstocks that can be used as a lipid substrate for lipase production. The objective of this study was to characterize the soapstocks of canola, sunflower and corn and use these byproducts for fungal lipase production using the mutant strain 11T53A14 of Aspergillus niger. The work was carried out following 2 4-1 and 2 3 experimental designs in the presence and absence of inducers, respectively, aiming to evaluate the influence of some variables in the lipase production. The production by SSF was carried out in aerated columns incubated at 32°C. Among the soapstocks evaluated, the sunflower soapstock was the best inducer for enzyme production, with 201 U/g dm (gram of dry medium) using 10 8 spores/g m (gram of medium) inoculated on wheat bran humidified with 80 mL of liquid (ammonium sulfate solution) that corresponds to a final concentration of 0.5% nitrogen, and 3% inducer. The best lipase activity obtained without soapstock was 182 U/g dm under the same processing conditions as the experiment using soapstock. Although the results with the highest lipase activity with sunflower soapstock and without inducer are close, the Tukey test showed a significant difference of these results, which proves the importance of lipid substrate to improve the lipase activity.
Introduction
Soapstock is formed by treating (refining) crude or degummed vegetable oils with alkali to produce a sodium soap, which is separated from the oil by centrifugation. Typically, soapstock will account for 5 to 10% of the crude oil mass, although higher values can be reached when the crude oil has a high concentration of free fatty acids [1] . Soapstock consists of 70-95% water and 5-30% of fatty material, depending on the refining practice and the equipment used. Most of the fatty material, 60-70%, is in the form of sodium soaps of fatty acids with the remainder made up of triglycerides, phospholipids, and minor amounts of other oil-derived compounds [2] . Oil cakes of various residues have been used for fermentative production of lipase and other industrial enzymes because their residual oil contents serve as inducers for lipase production [3] .
Lipases are triacylglycerol ester hydrolases (EC 3.1.1.3) which hydrolyze long chain fatty acid esters of glycerol yielding mono-and diacylglycerol and free fatty acids [4] at an oil-water interface [5] . Lipases are also used for the esterification, transesterification and reverse reactions in non-aqueous environments. The water content affects the equilibrium position of the reactions [6] . Aspergillus niger is a well known extracellular lipase producer and its enzymes are mostly used in the dairy industry [7] .
Solid-state fermentation (SSF) with fungal strains results in much greater productivity than submerged fermentation (SF) [5] . SSF is defined as the fermentation involving solids in the absence (or near absence) of free water. However, the substrate must possess enough moisture to support growth and metabolism of microorganism [8] . Therefore, it can be used either as support or as a carbon-energy source [9] . One of the major advantages of SSF is that it may be carried out using naturally-occurring agricultural by-products, such as straw and bran [10] .
The objectives of the present work were to characterize canola, corn and sunflower soapstocks and to apply them for lipase production by A. niger mutant 11T53A14 under SSF conditions.
Material and Methods

Soapstock Characterization
Three by-products from oil refining, canola, corn and sunflower soapstocks were kindly provided by Indústrias Granfino S/A (Nova Iguaçu, RJ, Brazil).
The official AOCS [11] method was used to analyze neutral oil determination (G5-40, with slight modifications), pH (G7-56), soap content (Cc 17 95, with slight modifications), ash (923-03) and minerals (999-10 and 900-08) [12] . The determination of water content was performed by the Karl Fisher method, (Karl Fisher 870 Titrino plus, Metrohm). Fatty acid composition analysis, methyl esters of fatty acid (FAME) were prepared according to Hartman and Lago [13] and measured using GC in the Agilent Technologies model 6890 N.
Microorganisms, Maintenance and Activation
The strain 11T53A14 of A. niger, a mutant from the Embrapa Food Technology collection, was maintained in dry sand at -18°C and activated in basic agar [14] , with 2% (w/v) of olive oil as carbon source.
Inoculum Preparation
Spores from five to seven-day-old agar slant cultures were inoculated on corn cob medium for propagation. After five days incubation at 32°C, a spore suspension was prepared after the addition of 20 mL of 0.3% (v/v) Tween 80 per flask of corn cob medium and then filtered using gauze [14] . The number of conidia/mL in the suspension was counted in a Neubauer chamber.
Fermentation Medium
The fermentation medium was 100 g of wheat bran grain (size ≤ 5 mm), supplied by Bunge Alimentos S.A. (Rio de Janeiro, Brazil), humidified with a solution containing ammonium sulfate, as nitrogen source, in the presence or absence of inducers (soapstock). Specific amounts of ammonium sulfate were dissolved in specific volumes of water to ensure the values of nitrogen concentration and volume of liquid as described in the experimental design. The medium was autoclaved at 121°C at 1 atm for 15 min.
Solid State Fermentation
Experiments were carried out using a column reactor. The glass columns were filled with approximately 20 g of the fermentation medium inoculated with a specific amount of spore suspension to obtain the spore concentration proposed by the experimental design. The columns were incubated in a thermostatic bath at 32°C and aerated with dried saturated air at a 1 vvm (volume of air per volume of medium per minute). The fermentations lasted 72 h. Enzyme extraction was carried out using 2.5 mL of 100 mM sodium phosphate buffer (pH 7.0) per gram of wet fermented medium [15] . The enzymatic extract was initially filtered using filter paper followed by microfiltration through a 0.45 µm membrane.
Experimental Design
The process variables studied for the production of lipase were: nitrogen concentration (from ammonium sulfate), volume of liquid (mL) (moisture-related), inoculum (concentration of conidia) (spores/g of medium (g m )) and inducer concentration (in the case of experiments using the soapstocks). The experiments were carried out following the experimental design strategy. To evaluate the effects of the chosen experimental factors on response variables, two experiments were carried out. A fractional factorial design 2 4-1 with three central points was carried out in three blocks, differing the type of inducer (canola, corn or sunflower soapstocks), as shown in Table  1 . This factorial design was used to determine which variables influence the production of lipase and thereby choose the variables to be studied in other experimental design. The experimental design 2 3 without axis points was also used, but in this case without the presence of the inducer. The coded and real values are shown in Table 2 . Table 1 
. Fractional factorial experimental design 2 4-1 with inducer
0 (0.3) 0 (60) 0 (107) 0 (2.0) X1= nitrogen concentration (%); X2= volume of liquid (mL); X3= inoculum (spores/g of medium (gm)); X4= inducer concentration (%)
Table 2. Factorial experimental design 2 3 without the inducer
0 (0.3) 0 (60) 0 (10 7 ) 10 0 (0.3) 0 (60) 0 (10 7 ) 11 0 (0.3) 0 (60) 0 (10 7 ) X1= nitrogen concentration (%); X2= volume of liquid (mL); X3= inoculum (spores/g of medium (gm))
Statistical Analysis
The results were analyzed using the software STATISTICA 6.0 (Statsoft Inc. 2325, Tusla, OK).
Enzyme Assay
The crude enzyme extracts were analyzed in terms of lipase activity and protease activity and all analyses were determined in triplicate. Lipase activity was measured by the titrimetric method which is based on the quantification of the fatty acids released after the reaction between the olive oil emulsion and enzyme extract. The reaction mixture containing 5 mL of the emulsion (50 mL of water, 50 mL of olive oil and 7 g of gum arabic prepared by mixing for 3 min at room temperature), 4 mL of 200 mM sodium phosphate buffer (pH 7.0) and 1 mL enzyme extract was incubated for 15 min at 35°C. The analyses were carried out in duplicates or triplicates. The reaction was stopped by adding 10 mL of 1:1:1 acetone/ethanol/water solution and the amount of the fatty acids was quantified by titration with 0.05 N NaOH in a titrator (Metrohm Titrino 794) until pH end-point of 11 [16] . Blank assays were conducted by adding the enzyme just before titration. One unit (U) of lipase activity was defined as the amount of enzyme which produces 1 micromol of fatty acids per minute under assay conditions. Lipase activity is represented by U per gram of dry medium (g dm ). Protease activity expresses the action of the enzyme on a protein substrate, and is based on the formation of colored derivatives in alkaline medium from the digestion of an azocasein solution. The colorimetric compounds were measured using a Biospectro spectrophotometer (model SP-220), at 428 nm [17] . One unit of enzyme activity was defined as that activity which produces a change of 0.01 absorbance units per min at 428 nm, pH 5.0 and 37°C. Protease activity is represented by U per gram of dry medium (g dm ).
The protein concentration was determined as described by Lowry et al. [18] and the apparent specific activity (U/mg of protein) was calculated by the ratio between lipase activity and protein concentration.
Results and Discussion
Characterization of Canola, Corn and Sunflower Soapstocks
Soapstocks are composed of soap (sodium salts of fatty acids), neutral oil (triacylglycerols, partial acylglycerols and unsaponifiable matter) and water content. Table 3 shows the results of physical and chemical analysis of the canola, corn and sunflower soapstocks. Soapstocks have plenty of water (30-50%). This high value of water content is due to the neutralization step of the crude oil which depends on the centrifugation step, free fatty acid content of the crude oil, the excess of sodium hydroxide used and the presence of phospholipid in the crude oil.
The soap residue formed in the neutralization step of the crude oil was present ranging from 30-45% (expressed as sodium oleate). The amount of soap residue produced is directly proportional to the acidity of the crude oil and the amount of alkaline aqueous solution required for the reaction. The ash content varied from 2.5 to 7.0% ( Figure  1 ) depending on the soap content. The neutral oils or acylglycerols were available for fungus growth and lipase production and were found ranging from 17-25% in the soapstock. The fatty acid composition is shown in Figure 2 . According to Granfino S/A, the oil was neutralized with NaOH, which was confirmed by the high levels of sodium ions in the three samples. The amounts of iron and copper were less than 0.02 g% in all soapstocks. The sodium ion stands out in the sludge with 2.8 g/100 g of sunflower soapstock.
In all soapstocks, the fatty acids present are palmitic (C 16:0), oleic (C: 18:1), linoleic (C 18:2) and stearic (C 18:0) acids ( Figure 2 ). The results of the fatty acid profile are close to the original oils but the refining process causes an isomerization of the unsaturated fatty acid and the presence of trans fatty acids can be seen.
Lipase production using different inducers
The soapstocks produced during the refining of canola, sunflower and corn oils were used separately as inducers for lipase production. The choice for the best soapstock was based on the results of lipase activity as shown in Table 4 . The sunflower soapstock stood out in most experimental assays with a maximum lipase activity of 201 U/g dm for experimental assay 8 using 10 8 spores/g m inoculated on wheat bran humidified with 80 mL of liquid (ammonium sulfate solution) that corresponds to a final concentration of 0.5% nitrogen, and 3% inducer, against 171 U/g dm and 183 U/g dm for the corn soapstock and canola soapstock, respectively. Probably, the higher result of the sunflower soapstock can be explained due to higher amounts of minerals and the presence of both oleic and linoleic fatty acids that act to increase the lipase activity.
Fatty acids (including those present in oils) have important impacts on the production of lipase. Linoleic acid provides increased lipase activity, and this may be significantly higher in the presence of oleic acid [19] . Also, the presence of cations is a beneficial factor for fungus growth and enzyme production [16] . Therefore, the presence of these two fatty acids and sodium ions may have contributed to make the sunflower soapstock the best lipase inducer. The increase in enzyme activity is related to the proportion of unsaturated fatty acids greater than that of saturated fatty acids [20] , and the ions Ca +2 , Mg +2 , Fe +2 , Na +2 or K +2 contribute to the production of lipase [21] .
The best lipase productivity obtained in the present work was 2.80 U/g dm .h (201.82 U/g dm after 72 h of fermentation) which was higher than the results found in the literature. Damaso et al. [16] , for example, obtained 1.31 U/g dm .h using corn soapstock with A. niger in conical flasks at a steady state without aeration. Martins, Kalil and Costa [22] using an aired column reactor with Aspergillus fumigatus and soybean oil reported 1.00 U/g dm .h of lipase productivity. Gutarra et al. [23] using SSF and Penicillium simplicissimum in babassu cake medium supplemented with sugar cane molasses, detected 0.42 U/g dm .h of productivity, while Toscano et al. [24] reached 0.59 U/g dm .h using Trichoderma harzianum in SSF medium containing wheat brain and olive oil. The best result obtained by Azeredo et al. [25] using the fungus Penicillium restriction in SSF medium using babassu cake and olive oil was 0.73 U/g dm .h. On the other hand, Santis-Navarro [26] obtained 96.79 U/g dm .h in SSF using a microbial consortium of microorganisms and vegetable oil-refining wastes.
Considering our results in terms of apparent specific activity, the value found for the best lipase activity produced (assay 8; sunflower soapstock), was 607.5 U/mg of protein. However, the highest value for apparent specific activity was 648,0 U/mg of protein,obtained in the assay 4 using 10 6 spores/g m inoculated on wheat bran humidified with 80 mL of liquid (ammonium sulfate solution) that corresponds to a final concentration of 0.5% nitrogen, and 1% inducer. The amount of protein into crude lipase to assay 8 (61.7 mg/L) was higher than into assy 4 (46.0 mg/L). As the enzyme lipase used in this work was not purifield, we cannot ensure that the protein amount is only from lipase. Thus, crude lipase specific activity is usually lower than purified lipase activity, as shown by Mhetras, Bastawde and Gokhale [27] . These authors purified and characterized the acidic lipase from Aspergillus niger NCIM 1207. They carried out several steps of lipase purification, and found specific activity of 1373 IU/mg. Additionally, Nakajima-Kambe et al. [28] found specific activity of 316 U/mg after step of lipase purification from Aspergillus niger MTCC 2594.
The results of the protease activity are shown in Table 5 . The experimental conditions studied showed a high variation in the results. The values found for protease activity ranged from 13.8 to 57.2 U/g dm . Previous studies have reported that A. niger is a good producer of proteases [29] . Unfortunately, the protease activity values were high, which can affect the lipase activity in the enzymatic extract during the storage period. 
Statistical Analysis of the Influence of Variables on the Activity of the Sunflower Soapstock
Factorial designs are very useful in experiments to investigate which factors (or variables) may influence in one or more responses. A fractional factorial design (FFD) allows us to examine the main effects and interactions among the factors, it can be applied as first step to other designs, selecting the variables that most influence in the experiment. FFD is used when the total number of factors of experiments is large, as it decreases the total number of runs which could be huge.
After selecting the best inducer for lipase production, i.e. the sunflower soapstock, statistical analysis was performed for the FFD (2 4-1 ). Due to the great heterogeneity of the SSF and to the inherent process variations of enzyme production, all the variables studied were considered significant with p-values smaller than 10% (p <0.1). Table 6 shows the estimated effects for the variables on the responses analyzed for lipase activity for the sunflower soapstock. Among the four variables tested for lipase activity (nitrogen concentration, inoculum concentration, inducer concentration and the volume of liquid), only the volume of liquid was statistically significant (p <0.10). This variable has a positive effect on the lipase activity, i.e. an increase in the volume of liquid produces an increase in lipase activity. This can occur because the air entering the column is not humidified and can dry the environment over time. Then, the best medium was the one that begun with more water content.
The presence of the inducer had no effect on the lipase activity, however, the use of soapstock showed potential in inducing enzyme activity. To ensure that the use of soapstock as inducer is indeed relevant, a factorial experimental design with no axial points was performed to compare the activities with and without the presence of the inducer and analyze the behavior of the fungus as lipase producer without the use of soapstock. The same variables, inoculum concentration, volume of liquid and nitrogen concentration (from ammonium sulfate) were used at the same concentrations. Figure 3 shows the values of lipase activity found for the experimental production of lipase in SSF in the presence and absence of an inducer. A comparison of the results showed that A. niger mutant 11T53A14 produces lipase even in the absence of an inducer (soapstock). This can occur because the medium used, wheat bran, has a certain amount of lipids (3.5%) in its composition [30] which may function as inducers although it is not as available as when the lipidic substrate is added. The production of lipase occurs regardless of the addition of lipid substrates to the culture medium (Figure 3 ), although its presence increase the level of lipase activity, probably due to an inductive effect of production [15] , therefore lipidic substrates induce lipase production, and the fatty acids are the most effective inducers [31] .
Production of Lipase in the Absence of Inducers
The maximum enzyme activity achieved was 182 U/g dm , and all experimental values were found good for a production without the use of an inducer. However the use of lipidic substrates (soapstocks) provided higher lipase activity. The statistical analysis by the Tukey test showed a significant difference to the level of 95% significance (p<0.05) between the results of maximum enzyme activity with and without inducer.
Conclusion
Soapstock increased the enzyme activity by inducing the lipase production due to the presence of neutral oil. Thus, agro-industrial residues as soapstock can be good inductor of lipase because it contains higher amounts of minerals and the presence of both oleic and linoleic fatty acids that act increasing the lipase activity. Moreover, A. niger, a mutant, is a good procucer of lipase.
Although the highest lipase activity result with sunflower soapstock (201.8 U/g dm ) and without inducer (182.3 U/g dm ) are close, the statistical analysis by the Tukey test showed a significant difference to the level of 95% significance (p<0.05) between these results, which implies the importance of lipid substrate to improve the lipase activity.
The experiment of fractional factorial design 2 4-1 using the sunflower soapstock indicated that increase in the volume of liquid produces an increase in lipase activity.
